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DOI 10.1186/s12885-015-1206-0RESEARCH ARTICLE Open AccessLack of a protective effect of cotton dust on risk
of lung cancer: evidence from two population-
based case-control studies
Krista Yorita Christensen1, Jérôme Lavoué1,2, Marie-Claude Rousseau1,3,4 and Jack Siemiatycki1,3*Abstract
Background: Lung cancer is the leading cause of cancer death in North America. Exposure to cotton dust has
previously been reported to decrease the risk of lung cancer.
Methods: We used data from two large case-control studies conducted in Montreal from 1979-1986 (Study 1) and
1996-2002 (Study 2) respectively, to examine the association between occupational exposure to cotton dust and risk
of lung cancer. Cases were diagnosed with incident histologically-confirmed lung cancer (857 in Study 1, 1203 in
Study 2). Population controls were randomly selected from electoral lists and frequency-matched to cases by age
and sex (533 in Study 1, 1513 in Study 2). Interviews for the two studies used a virtually identical questionnaire to
obtain lifetime occupational and smoking history, and several lifestyle covariates. Each participant’s lifetime occupational
history was reviewed by experts to assess exposure to a number of occupational agents, including cotton dust.
Odds ratios (ORs) and 95% confidence intervals (CIs) were estimated by unconditional logistic regression, adjusting for
potential confounders.
Results: The lifetime prevalence of exposure to cotton dust was approximately 10%-15% in both studies combined,
with some variation by study and by sex. Overall there was no decreased risk of lung cancer among subjects exposed
to cotton dust. Rather, among all subjects there was a suggestion of slightly increased risk associated with any
lifetime exposure to cotton dust (OR = 1.2, 95% CI: 1.0-1.5). This risk appeared to be concentrated among cases of
adenocarcinoma (OR = 1.6, 95% CI: 1.2-2.2), and among moderate and heavy smokers (OR = 1.3, 95% CI: 1.0-1.7). There
was no association when restricting to cases of either squamous cell or small cell cancer, or among never smokers and
light smokers. An analogous examination of subjects exposed to wool dust revealed neither increased nor decreased
risks of lung cancer.
Conclusions: There was no evidence that cotton dust exposure decreased risks of lung cancer.
Keywords: Cotton dust, Wool dust, Lung neoplasms, Occupational exposure, Case-control studiesBackground
Lung cancer is the leading cause of cancer death in
North America, accounting for about a quarter of all
cancer deaths [1,2]. Due to a lack of effective screening,
most cases of lung cancer are diagnosed at a relatively
advanced stage, and consequently survival is very low
(15% five-year survival rate) [3]. Lung cancer likely
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article, unless otherwise stated.results from a combination of genetic and environmental
factors, including smoking and occupational exposures.
Many occupational exposures, including asbestos, silica,
nickel, and hexavalent chromium, have been identified as
lung carcinogens [4]. Cotton dust as an occupational ex-
posure has been associated with adverse respiratory effects
including byssinosis and diminished lung function [5].
Peculiarly, cotton dust exposure has also been linked with
a decreased risk of lung cancer [6-10]. An early report of
decreased lung cancer risk among cotton textile workers
came from the United States, where a standardized lung
cancer mortality ratio of 0.55 (95% CI: 0.39-0.76) wased Central. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/4.0), which permits unrestricted use,
, provided the original work is properly credited. The Creative Commons Public
mons.org/publicdomain/zero/1.0/) applies to the data made available in this
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some other reports of decreased lung cancer risk in
cotton-exposed workers in North Carolina [9], China
[11,12], the UK [8], and Poland [13]. In some of these
studies the decreased risk was restricted to certain sex,
smoking subgroups, or calendar years [8,9,13], and some
of the decreased risks were not statistically significant
[11]. Furthermore, there have been other reports from
Australia [14], Lithuania [15], and Italy [16] which found
no evidence of decreased risks. A 2009 meta-analysis of 11
studies reported a summary relative risk of lung cancer
among textile workers of 0.71 (95% CI: 0.52-0.95), albeit
with considerable variability between studies and equivo-
cal dose-response information within studies [17].
This ostensible decreased risk is hypothesized to result
from exposure to endotoxins contained in cotton dust.
Endotoxins are components of Gram negative bacteria
consisting of three components (O-specific polysacchar-
ide, core polysaccharide, and lipid A), one of which (lipid
A) appears to have anti-carcinogenic activity [18,19].
Further epidemiologic evidence for this hypothesis came
from a study among female textile workers in Shanghai,
in which cumulative exposure to endotoxin was associ-
ated with a significantly decreased risk of lung cancer,
with a dose-response relationship observed (HR of 0.60
[95% CI: 0.43-0.83] for highest levels of exposure com-
pared to no exposure) [6].
While there are some indications of biologic plausibil-
ity of a protective effect of cotton dust on lung cancer
supported by some, albeit inconsistent, epidemiologic
evidence, it is important to produce further complemen-
tary evidence to assess this hypothesis. Montreal, Canada,
with a population of about 3 million, is a propitious locale
for such analyses, with approximately 25,000 jobs in the
textile and clothing industries, and 1000 companies in the
metropolitan Montreal area.
We carried out two large case-control studies in Mon-
treal to determine the association between a large num-
ber of occupational exposures, including various textile
dusts, and cancer, with detailed data collected on smok-
ing history and other potential confounders. We used
this database to analyze the association between cotton
dust and risk of lung cancer. While our primary interest
was to assess a possible protective association with cot-
ton dust exposure, we also analyzed wool dust and com-
pared both sets of results because wool is an organic
fiber of similar exposure prevalence to cotton, levels of
contamination with endotoxins are much lower in wool
than cotton dust, and endotoxin exposure among
workers in wool processing is generally lower than in
cotton processing [20]. If there were a general protective
effect associated with working in the textile industry, it
should manifest in reduced risks for both wool dust and
cotton dust. The analysis of wool dust thus informs usabout the specificity of any effect we might observe for
cotton dust.Methods
Design and study subjects
Both studies used a case-control design, with eligible
subjects restricted to Canadian citizens resident in the
Montreal area. Study 1, conducted from 1979 to 1986,
included males aged 35 to 70 years diagnosed with
cancer at any of 19 sites, including the lung. Study 2,
conducted from 1996 to 2002, included men and
women aged 35 to 75 diagnosed with a lung malig-
nancy. In both studies, cases were ascertained in the
18 largest hospitals located in the metropolitan
Montreal area; only incident, histologically confirmed
cancers were included. In both studies, population
controls were randomly sampled from population
based electoral lists, stratified by sex and age to the
distribution of cases. In Quebec, Canada, electoral
lists were maintained by means of active enumeration
of households until 1994; they are since then continu-
ally updated and are thought to represent nearly
complete listings of Canadian citizens residing in the
province. Ethical approval was obtained for each study
from each participating hospital and academic institu-
tion (Institut Armand-Frappier, McGill University,
Université de Montréal, Centre de recherche de l’Uni-
versité de Montréal). All participating subjects pro-
vided informed consent. Additional details of subject
ascertainment and data collection have been published
previously [21-24].
In Study 1, 1082 lung cancer cases and 740 eligible
population controls were identified and attempts were
made to interview them. Of these, 857 (79%) cases and
533 (72%) controls completed the interview. Since
Study 1 included cancers at several different sites, it
was possible to constitute an additional control group
for the lung cancer series, namely subjects with cancers
at other sites. We refer to these as ‘cancer controls’.
Sampling of these cancer controls was carried out
excluding sites of the respiratory system; further, we
subsampled the rest to ensure that none of the sites
comprising the cancer controls would constitute more
than 20% of the total. With these restrictions, the can-
cer control series consisted of 1349 subjects. In Study
2, there were 1203 cases (response rate 84%) and 1513
population controls (response rate 69%) interviewed.
For subjects who were deceased or too ill to respond,
we accepted proxy response from close family mem-
bers; proxy response accounted for 23% of respondents
in Study 1 (29% among cases and 13% among controls)
and 21% in Study 2 (38% among cases and 8% among
controls).
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Data collection techniques and the variables ascertained
were almost identical between Study 1 and Study 2.
Interviews were divided into two parts: a structured sec-
tion requested information on socio-demographic and
lifestyle characteristics, and a semi-structured section
elicited a detailed description of each job held by the
subject in his working lifetime. Among the socio-
demographic and lifestyle factors assessed were: ethni-
city, socio-economic status as measured by education
level, familial financial situation during childhood and
current income, residential history, smoking history
(smoking status, ages at initiation and cessation, periods
of interruption, average number of cigarettes smoked
per day over the lifetime), alcohol and coffee consump-
tion, selected dietary factors, selected medical history
conditions, household heating and cooking practices,
and many others. Male subjects (Studies 1 and 2 com-
bined) and female subjects (Study 2) had held a median
of 4.0 jobs each. For each job held, a trained interviewer
asked the subject about the company, its products, the
nature of the worksite, the subject’s main and subsidiary
tasks, and any additional information (e.g., equipment
maintenance, use of protective equipment, activities of
coworkers) that could provide clues about work expo-
sures and their intensity. Occupations were coded ac-
cording to the Canadian Classification and Dictionary of
Occupations [25] and the Canadian Standard Industrial
Classification [26,27]. For some occupations, supplemen-
tary questionnaires were used to assist interviewers with
detailed technical probing [28]. A team of chemists and
industrial hygienists examined each completed question-
naire and translated each job into a list of potential
exposures using a checklist of 294 agents that included
cotton dust, wool dust and several recognized lung
carcinogens [23]. Endotoxin exposure was not on the
checklist and its possible presence is only inferred from
the presence of cotton dust.
In the two studies combined, nearly 30,000 jobs were
evaluated. The team of coders spent about 50 person-
years on these projects, including helping to develop the
methodology, monitoring the quality of the interviewing,
conducting background research on exposures in differ-
ent occupations, coding the individual participants’ files,
and recoding after the initial complete rounds of coding
were finished. The final exposure codes attributed to a
subject were based on consensus among the coders.
Coders did not know the subject’s case or control status.
For each substance considered present in each job, the
coders noted three dimensions of information, each on a
three-point scale: their degree of confidence that the ex-
posure had actually occurred (possible, probable, defin-
ite), the frequency of exposure in a normal workweek
(low [<5% of hours worked], medium [5% to 30% ofhours worked], high [>30% of hours worked]), and
the relative level of concentration of the agent (low,
medium, high). Concentration levels were established
with reference to certain benchmark occupations in
which the substance is found. Specifically, we identified
some hypothetical workplace situations a priori which
would correspond to low, medium and high exposure
for each substance, and the experts rated each real job
against these benchmarks. Unfortunately, it proved
impossible to reliably estimate absolute concentration
values corresponding to the relative levels coded.
Non-exposure was interpreted as exposure up to the
level that can be found in the general environment.
The exposure assessment was based not only on the
worker’s occupation and industry, but also on individ-
ual characteristics of the workplace and tasks as re-
ported by the subject; an illustrative example is in the
Appendix of Parent et al [29].
Statistical analysis
The main purpose for this analysis was to estimate the
relative risk of lung cancer in relation to cotton dust and
wool dust exposure. The availability of two studies, with
two control groups among males in Study 1 and two
sexes in Study 2, provided various opportunities. We
first carried out analyses of the Study 1 data by compar-
ing the cases separately with population controls and
with cancer controls, defined above. There are pros and
cons with cancer controls and population controls and
we cannot affirm that one is necessarily more valid than
the other [24,30]. Our prior belief was that the two con-
trol groups in Study 1 were equally valid. Consequently,
to avoid giving greater weight to the more numerous
cancer controls, we carried out a weighted logistic re-
gression analysis giving equal weight to the two control
series. For Study 2, we analyzed males and females sep-
arately. In order to maximize precision of estimates, we
also conducted analyses pooling the Study 1 and Study 2
samples, both cases and controls, but only using popula-
tion controls from Study 1 and Study 2. We thus present
six distinct risk estimates: Study 1 using population con-
trols among males, Study 1 using cancer controls among
males, Study 1 with weighted population and cancer
controls, Study 2 using population controls among
males, Study 2 using population controls among females,
and Study 1 plus Study 2 pooled using population con-
trols among males plus females.
For each job in which the subject was exposed to cot-
ton dust, we had the duration of the exposure in years
and a set of ordinal values for confidence, frequency,
and concentration. If a subject was exposed in two or
more jobs, then lifetime values of confidence, frequency,
and concentration were calculated by taking averages,
weighted by the durations of the various jobs in which
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dence, frequency, and concentration was used to categorize
the lifetime exposure into categories as follows: unexposed,
exposed at non-substantial level, exposed at substantial
level. Because of latency considerations, exposures occur-
ring within 5 years of diagnosis or interview were excluded.
In order to be classified as exposed at the substantial level,
a subject had to have been exposed at confidence of prob-
able or definite, concentration and frequency of medium
or high, and for duration greater than 5 years. All other ex-
posed subjects were then classified in the non-substantial
category. We consider this non-substantial/substantial di-
chotomy to be a simple proxy for cumulative exposure.
The reference group for analyses consisted of those sub-
jects who were never exposed to cotton dust. Wool dust
was treated the same way.
Unconditional logistic regression was used to estimate
odds ratios (ORs) and corresponding 95% confidence in-
tervals (CIs). In order to control for the effect of poten-
tial confounders, multivariate models were constructed
including the following covariates: age (continuous), eth-
nicity (French Canadian, other), years of education (0-7,
8-12, ≥13), familial financial situation during childhood
(difficult, intermediate, comfortable), respondent status
(proxy, self ), smoking history (CSI, continuous), and
ever exposure to some known occupational lung carcin-
ogens - asbestos, chromium compounds, nickel com-
pounds and silica. These occupational covariates were
selected for inclusion because they are on the IARC
Group 1 list of lung carcinogens [4], and because the
prevalence of exposure to these substances in the study
population was over 3%. Smoking history was parame-
terized using a comprehensive smoking index (CSI) as
described in Leffondre et al [31]. The CSI takes into ac-
count the lifetime average number of cigarettes smoked
per day, the total duration of smoking, and time since
quitting in a single parameter index. It was demonstrated
to provide a good fit to the data while maintaining a parsi-
monious representation of lifetime smoking history, in
contrast to multivariable modelling of separate effects of
several dimensions of smoking behavior [31]. We have
previously described smoking characteristics of cases and
controls from Study 2 according to quartiles of the CSI
variable distribution [32].
For pooled analyses, we analyzed all lung cancer cases
and population controls, and in addition to the covari-
ates above, all models included Study (1 or 2) as an
adjustment factor, since case/control ratios differed by
study. Further, a series of analyses was conducted among
self-respondents only. In addition, we also examined job
and industry titles associated with exposure to cotton
dust, and potential effect modification by smoking his-
tory and sex. For stratified analyses, never smokers were
grouped with low smokers, defined as individuals havinga CSI value at or below the 25th percentile. Medium to
heavy smokers were those with a CSI value above the
25th percentile.
Results
Demographic characteristics of the study populations
are outlined in Table 1. Among the 857 lung cancer
cases in Study 1 were 41.9% squamous cell carcinoma,
18.6% small cell carcinoma, and 19.5% adenocarcinoma.
In Study 2, there were 1203 lung cancer cases: 29.3%
squamous cell carcinoma, 17.2% small cell carcinoma,
and 38.1% adenocarcinoma. Study 1 was restricted to
males, while Study 2 included both males (60.3%) and
females (39.7%). The age distribution was similar across
all groups. In both studies, most participants were
French Canadian, and most had less than 13 years of
schooling. Nearly all the cancer cases were smokers, as
well as a majority of male controls. About half of the
females in Study 2 had ever smoked regularly. Among
smokers, the majority smoked for over 30 years prior to
interview. Except for histological subtypes, all of the co-
variates in Table 1 were included in multivariate esti-
mates of odds ratios.
The most commonly listed broad occupation groups
for individuals exposed to cotton dust are listed in
Table 2. They include: fabricating, assembling and
repairing of textile, fur and leather products; fiber pre-
paring, spinning, twisting, winding, reeling, weaving and
knitting; apparel and furnishing service occupations,
and; material recording, scheduling and distributing
occupations. Not surprisingly, the most commonly listed
industry was clothing and textile, followed by retail and
wholesale trades. The specific occupational groups most
commonly associated with cotton dust exposure were:
tailors and dressmakers; patternmaking, marking and
cutting of textile, fur and leather products; foremen in
fabricating, assembling and repairing of textile, fur and
leather products; sewing machine operators, textiles and
similar materials; shipping and receiving clerks; pressing
occupations; fabricating, assembling and repairing of
textile, fur and leather products not elsewhere classified.
As assessed by our team of expert industrial hygienists,
lifetime prevalence of exposure to cotton dust among
male controls was about 8% in Study 1 and 13% in Study
2 (Table 3). Lifetime exposure prevalence was about 25%
among female controls in Study 2. It seems that there
was some shift in the threshold for assigning exposure
between Study 1 and Study 2, since the increase among
males was concentrated among assignments with the
designation “possible” exposure and low concentration.
Consequently, whereas cumulative cotton dust exposure
was about evenly divided between substantial and non-
substantial levels in Study 1, in Study 2 the majority of
exposure was in the non-substantial category. Among
Table 1 Selected demographic characteristics of the study population in two case-control studies, Montreal, Canada
Characteristic (%) Study 1 Study 2
Males Males Females
Cases Population Controls Cancer Controls Cases Controls Cases Controls
(N=857) (N=533) (N=1349) (N=738) (N=899) (N=465) (N=614)
% % % % % % %
Age group
<55 years 22.8 25.1 29.4 13.5 11.7 23.2 24.9
55-64 years 50.3 42.6 42.1 32.7 28.6 35.1 31.1
65+ years 27.0 32.3 28.6 53.8 59.7 41.7 44.0
Respondent
Self 70.6 87.4 80.8 60.0 90.1 66.0 95.3
Proxy 29.4 12.6 19.2 40.0 9.9 34.0 4.7
Ethnicity
French 69.1 64.2 58.0 77.5 64.4 78.5 68.6
Other 30.9 35.8 42.0 22.5 35.6 21.5 31.4
Familial financial situation during childhood
Difficult 32.4 20.6 26.5 51.0 42.4 49.1 31.2
Intermediate 59.5 72.2 61.2 43.2 49.5 42.1 55.3
Comfortable 8.1 7.1 12.3 5.8 8.2 8.8 13.5
Education
0-7 years 44.7 30.6 32.0 45.2 35.4 36.4 26.4
8-12 years 42.7 45.8 45.6 38.2 37.1 45.6 37.8
13+ years 12.6 23.6 22.5 16.6 27.5 18.0 35.8
Marital status
Married 76.2 84.6 80.4 78.0 82.6 57.6 65.1
Cigarette smoking
Never 1.5 19.7 17.4 2.5 31.0 6.9 50.6
1-29 years 10.0 21.0 22.6 11.2 20.3 16.3 24.6
30+ years 88.4 59.3 60.0 83.2 50.8 76.1 24.8
Histology
Squamous 41.9 – – 35.4 – 19.6 –
Small cell 18.6 – – 17.2 – 17.2 –
Adenocarcinoma 19.5 – – 32.7 – 46.7 –
Other/unknown 20.1 – – 14.8 – 16.6 –
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sidered definitely exposed, and for at least 30% of their
working hours (Table 3). About one-third had been ex-
posed to cotton dust for 1-5 years, and 28% for >20 years.
Exposure concentration was generally lower in Study 2
compared to Study 1. Exposure prevalence was some-
what lower for wool dust than for cotton dust, though
the overall patterns were similar. As expected there was
some overlap between these two textile exposures. In
Study 1, out of 510 subjects exposed to cotton dust,
37.3% (n = 190) were also exposed to wool dust; in Study
2, 52.7% (n = 117) of 222 subjects exposed to cotton dustwere also exposed to wool dust. Other exposures
commonly assigned to jobs with cotton exposure were
treated fibers, synthetic fibers, aliphatic aldehydes, for-
maldehyde, and magnetic and pulsed electromagnetic
fields.
Table 4 shows adjusted ORs between each exposure
and lung cancer, and in each study. An OR was esti-
mated with each control group in Study 1, for each sex
in Study 2, and for a pooled analysis. We show results
corresponding to ever exposure and to substantial ex-
posure, as defined above. The pooled analysis indicates a
weak effect (OR = 1.2) of borderline significance for any
Table 2 Most commonly listed broad occupation and industry groups for persons exposed to cotton dust and wool
dust in two studies in Montreal, Canada, cases and controls combineda
Study 1 Study 2
Cotton
Dust
Total N exposed = 222 Total N exposed = 510
Occupation:
n (%)
Fabricating, assembling and repairing occupations: textile, fur and
leather products: 72 (32.4%)
Fabricating, assembling and repairing occupations: textile, fur and
leather products: 232 (45.5%)
Fiber preparing, spinning, twisting, winding, reeling, weaving and
knitting: 30 (13.5%)
Apparel and furnishings service occupations: 43 (8.4%)
Apparel and furnishings service occupations: 21 (9.4%)
Fiber preparing, spinning, twisting, winding, reeling, weaving and
knitting: 36 (7.1%)
Material recording, scheduling and distributing occupations:
37 (16.7%)
Material recording, scheduling and distributing occupations: 35
(6.9%)
Industry:
n (%)
Clothing industry: 75 (33.4%) Textile industries: 239 (46.9%)
Textile industries: 81 (36.5%) Wholesale trade: 36 (7.1%)
Retail trades: 34 (15.3%) Clothing industry: 26 (5.1%)
Wholesale trade: 31 (14.0%)
Wool Dust Total N exposed = 161 Total N exposed = 228
Occupation:
n (%)
Fabricating, assembling and repairing occupations: textile, fur and
leather products: 70 (43.5%)
Fabricating, assembling and repairing occupations: textile, fur and
leather products: 124 (54.4%)
Apparel and furnishings service occupations: 19 (11.7%) Apparel and furnishings service occupations: 35 (15.4%)
Fiber preparing, spinning, twisting, winding, reeling, weaving and
knitting: 17 (10.5%)
Fiber preparing, spinning, twisting, winding, reeling, weaving and
knitting: 17 (7.5%)
Material recording, scheduling, and distributing occupations: 23
(14.2%)
Material recording, scheduling, and distributing occupations: 15
(6.6%)
Industry:
n (%)
Clothing industry: 39 (24.2%) Textile industries: 150 (65.8%)
Textile industries: 82 (50.9%) Wholesale trade: 25 (11.0%)
Retail trades: 41 (25.3%) Clothing industry: 9 (4.0%)
Wholesale trade: 29 (18.0%)
a Numbers and percentages based on persons ever holding a job with the given occupation/industry code, over total subjects with the given exposure.
Percentages may total over 100, due to persons holding multiple jobs in different occupations and industries.
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with population controls), and non-statistically signifi-
cant for substantial exposure. For wool dust, no signifi-
cant excess risks were observed. Since the proportion of
proxy respondents was higher among cases than among
controls (29% and 38% of cases in Study 1 and 2, re-
spectively, and 13% and 8% among controls), some
differential misclassification of exposure might have
occurred and resulted in biased OR estimates. We
therefore repeated the analyses in Table 4, restricting to
self-respondents only. The results were similar to those
in the main analysis (OR for any exposure to cotton
dust of 1.0, 95% CI: 0.8-1.2, and OR for substantial ex-
posure to cotton dust of 1.2, 95% CI: 0.7-2.0). We also
repeated the analyses, adjusting for smoking with the
following three variables instead of the CSI: smoking
status (ever/never), natural logarithm of cigarette-years,
and years since cessation. Results did not differ from
those presented in Table 4 (data not shown).
We evaluated whether there was a difference in the
effect of cotton dust exposure according to age at firstexposure. Approximately two-thirds of exposed subjects
had their first exposure before age 25, and we used this
as the cut-point for a stratified analysis. Among those
first exposed before age 25, the OR corresponding to
ever exposure vs. never exposed was 1.2 (95% CI: 0.9-
1.6) and that corresponding to substantial exposure was
1.1 (95% CI: 0.6-2.1). Analogous estimates for those first
exposed at ages 25 and older were 1.6 (95% CI: 1.1-2.2)
and 1.3 (95% CI: 0.5-3.0).
Table 5 shows results for each of the three major
histologic subtypes of lung cancer. There were no statis-
tically significant deviations from the null value for squa-
mous cell or small cell carcinoma, but there was a
significantly increased risk when restricting to adenocar-
cinoma cases (OR = 1.6, 95% CI: 1.2-2.2). Since some
previous studies reported effect modification by smok-
ing, we also analyzed the exposure-cancer associations
separately in different smoking strata, namely in a cat-
egory combining never smokers with light smokers and
in another of medium to heavy smokers. As shown in
Table 6, the association between ever exposure to cotton
Table 3 Frequency of different dimensions of exposure to cotton dust and wool dust in two studies in Montreal,
Canada, cases and controls combined
Exposure characteristic Cotton Dust Wool Dust
Study 1 Study 2 Study 1 Study 2
(N=2739) (N=2716) (N=2739) (N=2716)
% % % %
Level of exposure
Non-substantial 4.1 17.2 2.5 7.4
Substantial 4.0 1.6 3.4 1.0
Exposure concentrationa
Low 2.6 15.9 1.6 6.9
Medium 4.2 2.4 3.8 1.4
High 1.3 0.5 0.5 0.2
Confidence levela
Possible 0.1 2.0 0.04 1.1
Probable 1.3 5.1 1.1 1.9
Definite 6.7 11.7 4.8 5.5
Frequency a
<5% of work week 0.3 0.4 0.3 0.2
5-30% of work week 1.6 3.8 1.4 1.7
>30% of work week 6.2 14.4 4.3 6.5
Duration
1-5 years 2.2 7.7 1.3 3.5
6-20 years 3.1 6.9 2.2 3.3
>20 years 2.8 4.2 2.4 1.6
a Value is an average weighted by job duration, if reported for >1 job and/or time period.
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of medium-heavy smokers (OR = 1.3, 95% CI: 1.0-1.7),
but there was no effect modification evident with ever
exposure to wool dust.
Some previous studies were based on cohorts in cer-
tain high exposure industries or occupations, whereasTable 4 Odds ratios for association between cumulative expo
case-control studies in Montreal, Canada
Exposure group Study 1
Population controls Cancer controls All
wei
na ORb (95% CI) OR (95% CI) OR
Cotton dust
Ever exposure 66 1.4 (0.9-2.3) 1.0 (0.7-1.4) 1.2
Substantial exposure 30 1.5 (0.7-3.3) 0.8 (0.5-1.3) 1.0
Wool dust
Ever exposure 42 1.2 (0.7-2.3) 0.8 (0.5-1.3) 1.0
Substantial exposure 22 1.3 (0.6-3.0) 0.7 (0.4-1.2) 0.9
a n = number of exposed cases.
b OR refers to odds ratio, adjusted for: age, ethnicity (French Canadian or other), ye
(difficult, intermediate or comfortable), proxy respondent (yes or no), cumulative sm
silica. Pooled results are additionally adjusted for study.our database included workers across the entire
spectrum of occupations and industries. To determine
whether exposure to cotton dust in different occupations
or industries is associated with different risks, we carried
out analyses of cotton dust exposure, stratified on the
main industries in which cotton dust exposure occurredsure to cotton and wool dust, and lung cancer in two
Study 2 Pooled
controls,
ghted
Males Females Population controls
(95% CI) n OR (95% CI) n OR (95% CI) n OR (95% CI)
(0.8-1.7) 108 1.4 (1.0-2.0) 131 1.0 (0.7-1.5) 305 1.2 (1.0-1.5)
(0.6-1.8) 14 1.1 (0.5-2.5) 5 1.0 (0.2-4.5) 49 1.2 (0.7-2.0)
(0.6-1.6) 46 0.9 (0.6-1.4) 47 1.2 (0.7-2.0) 135 1.0 (0.8-1.4)
(0.5-1.7) 8 1.5 (0.5-4.5) 6 7.6 (0.5-107.9) 36 1.5 (0.8-2.8)
ars of education (0-7, 8-12 or 13+), familial financial situation during childhood
oking index, and any occupational exposure to asbestos, chromium, nickel or
Table 5 Odds ratios for association between cotton and wool dust ever exposure and lung cancer in two studies in
Montreal, stratified by histological type of lung cancer
Exposure group Study 1 Study 2 Pooled
Population
controls
Cancer
controls
All controls,
weighted
Males Females Population
controls
na ORb (95% CI) OR (95% CI) OR (95% CI) n OR (95% CI) n OR (95% CI) n OR (95% CI)
Cotton dust
Squamous 23 1.2 (0.6-2.3) 0.8 (0.5-1.3) 1.0 (0.6-1.6) 37 1.3 (0.8-2.0) 19 0.9 (0.4-1.7) 79 1.1 (0.8-1.5)
Small cell 7 0.8 (0.3-2.2) 0.6 (0.2-1.0) 0.7 (0.3-1.5) 16 1.2 (0.6-2.5) 30 1.1 (0.5-2.3) 53 1.2 (0.8-1.8)
Adenocarcinoma 21 2.7 (1.4-5.3) 1.7 (1.0-2.9) 2.1 (1.2-3.7) 46 1.9 (1.2-3.0) 61 1.2 (0.7-1.8) 128 1.6 (1.2-2.2)
Wool dust
Squamous 14 1.1 (0.5-2.4) 0.6 (0.3-1.2) 0.8 (0.4-1.6) 13 0.6 (0.3-1.3) 6 0.7 (0.3-2.2) 33 0.8 (0.5-1.2)
Small cell 7 1.1 (0.4-3.2) 0.8 (0.4-1.9) 1.0 (0.4-2.3) 6 0.8 (0.3-2.0) 7 0.8 (0.3-2.6) 20 0.9 (0.5-1.6)
Adenocarcinoma 12 2.2 (1.0-4.9) 1.3 (0.7-2.5) 1.6 (0.8-3.2) 22 1.4 (0.8-2.5) 24 1.2 (0.6-2.4) 58 1.4 (1.0-2.0)
a n = number of exposed cases.
b OR refers to odds ratio, adjusted for: age, ethnicity (French Canadian or other), years of education (0-7, 8-12 or 13+), familial financial situation during childhood
(difficult, intermediate or comfortable), proxy respondent (yes or no), cumulative smoking index (CSI), and any occupational exposure to asbestos, chromium,
nickel or silica. Pooled results are additionally adjusted for study.
Christensen et al. BMC Cancer  (2015) 15:212 Page 8 of 11in our population. Due to small numbers, these sub-
group analyses produced rather unstable risk estimates,
but there was no evidence of a protective effect of cotton
dust exposure within any industry (data not shown).
Discussion
We used data from two large case-control studies con-
ducted in Montreal to assess the relationship between
occupational exposure to cotton dust and wool dust and
risk of lung cancer. Subjects in Study 1 were in their
active work years roughly from the 1940s to the 1970s,
whereas the active period for Study 2 subjects was the
1950s to 1980s. Thus there was considerable overlap. It
is likely that the average concentrations of exposure
declined between the two studies because of improvedTable 6 Odds ratios for association between cotton and wool
Montreal, stratified by smoking status
Exposure group Study 1
Population
controls
Cancer
controls
All control
weighted
na ORb (95% CI) OR (95% CI) OR (95% C
Cotton dust
All subjects 66 1.4 (0.9-2.3) 1.0 (0.7-1.4) 1.2 (0.8-1.7)
Never/Low smokersc 8 0.7 (0.3-2.0) 0.7 (0.3-1.6) 0.7 (0.3-1.6)
Medium/High Smokersc 58 2.1 (1.1-4.0) 1.1 (0.7-1.6) 1.4 (0.9-2.2)
Wool dust
All subjects 42 1.2 (0.7-2.3) 0.8 (0.5-1.3) 1.0 (0.6-1.6)
Never/Low smokersc 4 1.0 (0.3-3.3) 0.6 (0.2-1.8) 0.7 (0.2-2.1)
Medium/HighSmokersc 38 1.5 (0.7-3.2) 0.9 (0.6-1.4) 1.1 (0.6-1.9)
a n = number of exposed cases.
b OR refers to odds ratio, adjusted for: age, ethnicity (French Canadian or other), ye
(difficult, intermediate or comfortable), proxy respondent (yes or no), cumulative sm
nickel or silica. Pooled results are additionally adjusted for study.
c Low smokers are defined as those having a CSI value ≤25% percentile of CSI valueindustrial hygiene and use of personal protective
equipment. Historically the Province of Quebec was
the hub of the clothing and textile industries in
Canada, and despite decreasing quotas and increasing
offshore production, it so remains with approximately
50,000 workers employed in these fields [33]. Lifetime
prevalence of exposure was higher in Study 2 than in
Study 1 because females, who were disproportionately
active in the textile and clothing industries, were not
included in Study 1, and because there seemed to be a
lower threshold among our exposure experts for
assigning these exposures in Study 2 than in Study 1.
These various trends between the two studies did not
bias our risk estimates which were stratified by study
and adjusted for study in the pooled analyses.dust ever exposure and lung cancer in two studies in
Study 2 Pooled
s, Males Females Population controls
I) n OR (95% CI) n OR (95% CI) n OR (95% CI)
108 1.4 (1.0-2.0) 131 1.0 (0.7-1.5) 305 1.2 (1.0-1.5)
15 2.1 (1.1-4.2) 12 0.9 (0.4-1.9) 37 1.0 (0.7-1.6)
91 1.3 (0.8-1.8) 119 1.0 (0.6-1.6) 266 1.3 (1.0-1.7)
46 0.9 (0.6-1.4) 47 1.2 (0.7-2.0) 135 1.0 (0.8-1.4)
5 1.1 (0.4-3.0) 6 1.2 (0.4-3.1) 15 0.9 (0.5-1.7)
40 0.9 (0.5-1.4) 41 1.2 (0.6-2.4) 119 1.0 (0.7-1.5)
ars of education (0-7, 8-12 or 13+), familial financial situation during childhood
oking index (CSI), and any occupational exposure to asbestos, chromium,
s among ever smoker.
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of cotton dust exposure on lung cancer, in Study 1 or
Study 2, in males or in females. In fact the point esti-
mates were usually slightly above 1.0 and attained bor-
derline statistical significance in some of the contrasts.
Nor do the analyses by histologic type provide clear
evidence of protective effects of cotton dust; indeed the
strongest association indicated an excess risk of adeno-
carcinoma of the lung. Our results for wool dust, which
overlaps with exposure to cotton dust, tended to be
close to the null value, except in small and statistically
unstable subgroups.
While most studies of cotton textile workers have re-
ported protective effects, and a meta-analysis estimated
a summary decrease in risk of 28%, several studies have
either found no association between work in the textile
industry and lung cancer risk [14-16], or a suggestion of
increased risk of lung cancer [34]. Our results on cotton
dust and wool dust were closer to the null than to a pro-
tective effect. Most previous studies of cotton exposed
workers had no or little information available on smok-
ing habits. The most prominent exception was the study
of Shanghai female textile workers, which collected
smoking information from all subjects, and in which
there were very few smokers [6]. The validity of the
smoking data is questionable since the relative risk esti-
mates for smoking and lung cancer were quite low com-
pared with other studies which have estimated relative
risks among female smokers. However, very low cumula-
tive smoking might explain this weak association. In any
case, after adjusting for smoking, the investigators re-
ported a strong protective effect of cotton dust. More re-
cent studies suggested an increased risk of lung cancer
among workers exposed to organic dust [35]. In addition,
further analyses of the Shanghai female textile workers
suggested increased lung cancer risk among those whose
first exposure to endotoxin occurred in the more distant
past, and thus at a younger age [36,37]. In contrast, we did
not find evidence of a stronger effect among those first
exposed at a young age.
The failure of our study to demonstrate a protective
effect of cotton dust exposure is unlikely to be due to
simple measurement error in the assessment of cotton
dust exposure, as this is not an exposure that is particu-
larly difficult for experts to identify in a work history,
given the information that was available to our experts
(industry, occupation, worker’s tasks, and other details of
the workplace). However, if there really is a protective
effect of cotton dust exposure, we may have failed to find
such an association for one of the following reasons.
First, it may be that the intensity of exposure, on
average, in our subjects was much less than that in the
cohort studies that have previously reported protective
effects. Since ours was a population-based case-controlstudy with workers exposed to cotton dust across a wide
range of occupations and industries, the proportion of
very highly exposed workers may have been low. With-
out absolute exposure measures it is hard to evaluate
this possibility. Nevertheless, we can affirm that in our
population-based study covering the range of exposure
intensities, there was no meaningful departure from the
null. Second, there may be an effect modification by
smoking. The strongest evidence of a protective effect of
cotton dust comes from studies conducted in China
where there were few smokers [6]. In our study, there
are too few nonsmokers to be able to affirm whether or
not there is a protective effect in this stratum. The third
possible reason for our failure to detect a protective ef-
fect has to do with the “endotoxin hypothesis” [18,19]. If
there is indeed a protective effect due to endotoxin con-
tent of cotton dust, then cotton dust with less endotoxin
content may not be protective. Marchand et al have re-
ported on endotoxin measurements taken in four Que-
bec textile mills [38]. They found measureable and even
quite high levels throughout the plants, with consider-
able variability in concentration by plant, process, work
station, and season. While the lack of standardized
analytical method prevents the direct comparison of
Marchand et al’s results to a slightly older study also
performed in textiles mills in Taiwan [39], the concen-
trations in both studies were of the same order of
magnitude, reaching > 500 ng of endotoxins per cubic
meter in the most exposed areas.
While some of our exposed subjects were from textile
mills, most were from occupations and industries further
down the production and retailing chain of textile products.
Unfortunately there is little hard data available on endo-
toxin content of cotton dust or on ambient endotoxin ex-
posure levels in such environments. The evidence from the
textile mills remains ambiguous, suggesting lower levels as
one goes further in the processing chain within the mill
[39], but also elevated levels in later processing steps such
as spinning and winding [38]. We presume that the pro-
cessing of cotton fibers leads to reduction of endotoxin
content and that exposure to endotoxins would be much
lower further down in the retailing chain of textile products.
Thus, while our results are informative about cotton and
wool dust in relation to lung cancer, without additional data
on endotoxin levels in a wider range of cotton-exposed oc-
cupations, it is difficult to assess whether our results are in-
formative about endotoxins and lung cancer. The only hint
from our own data was that in analyses of subgroups ex-
posed to cotton dust in different occupations, we saw no dif-
ference in the OR estimates according to the occupation in
which the exposure to cotton dust occurred (e.g., occupation
codes indicating fiber preparation vs. occupation codes indi-
cating textile product fabrication). But these were based on
small numbers with wide confidence intervals.
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dusts and lung cancer, our study had several strengths,
including: large sample sizes with fairly high numbers of
exposed cases and controls; fairly high participation rates
which reduces the risk of selection bias; complete life-
time work histories with detailed descriptions of each
job; job-by-job evaluation of exposures by a team of
experts; detailed lifetime history of smoking; and infor-
mation on a host of other covariates. While there were
large numbers of proxy respondents, the results of
analyses restricted to self-respondents were virtually
identical to the main ones. Notwithstanding these
strengths, the study was limited by lack of measurements
of cotton and wool dust, and inferences regarding endo-
toxins are limited by lack of endotoxin measurements.
Conclusion
In conclusion, neither cotton dust nor wool dust showed
associations with lung cancer. We found no evidence for
a decreased risk of lung cancer among persons exposed
to cotton dust.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
KYC participated in devising the analytical strategy, conducted most of the
analyses, and drafted the manuscript. JL conducted some analyses,
participated in data interpretation, and critically revised the manuscript. MCR
participated in data interpretation and critically revised the manuscript. JS
was responsible for the conception and design of the original studies,
analytical strategy, interpretation of data, and critical revision of the
manuscript. All authors read and approved the final manuscript.
Acknowledgements
This study was funded by a number of agencies, including the Canadian Cancer
Society, the Fonds de recherche du Québec – Santé (FRQ-S), the Canadian
Institutes for Health Research, and the Guzzo-SRC Chair in Environment and
Cancer (JS). JL and MCR are recipients of salary awards from the FRQ-S. JL is
also supported by the Canadian Cancer Society Research Institute.
Lesley Richardson contributed to the design of the studies, and she
developed and coordinated the data collection methods. Marie-Elise Parent
participated in the supervision of data collection and data management.
Exposure assessment methods were expertly developed and implemented
by Michel Gérin, Louise Nadon, Ramzan Lakhani, Denis Bégin, and Benoit
Latreille. A large number of research assistants and interviewers participated,
including Marie-Claire Goulet, Jérôme Asselin, Sally Campbell, and Maria Tran.
Author details
1Environmental Epidemiology and Population Health Research Group,
University of Montreal Hospital Research Center (CRCHUM), Tour
Saint-Antoine, 850 St. Denis Street, Montreal, QC H2X 0A9, Canada.
2Department of Environmental and Occupational Health, University of
Montreal, Montreal, QC, Canada. 3Department of Social and Preventive
Medicine, University of Montreal, Montreal, QC, Canada. 4INRS − Institut
Armand-Frappier, Laval, QC, Canada.
Received: 30 April 2014 Accepted: 17 March 2015
References
1. Canadian Cancer Society/National Cancer Institute of Canada. Canadian
Cancer Statistics 2008. Toronto, Canada; 2008.2. American Cancer Society. Cancer Facts & Figures 2010. Atlanta, GA:
American Cancer Society; 2010.
3. Boffetta P, Trichopoulos D. Cancer of the lung, larynx and pleura. In: Adami
HO, Hunter D, Trichopoulos D, editors. Textbook of cancer epidemiology.
New York: Oxford University Press; 2002. p. 248–80.
4. Siemiatycki J, Richardson L, Straif K, Latreille B, Lakhani R, Campbell S, et al.
Listing occupational carcinogens; see errata. Environ Health Perspect.
2005;113(2):A89.
5. Christiani DC, Wang XR, Pan LD, Zhang HX, Sun BX, Dai H, et al.
Longitudinal changes in pulmonary function and respiratory symptoms in
cotton textile workers. A 15-yr follow-up study. Am J Respir Crit Care Med.
2001;163(4):847–53.
6. Astrakianakis G, Seixas NS, Ray R, Camp JE, Gao DL, Feng Z, et al. Lung
cancer risk among female textile workers exposed to endotoxin. J Natl
Cancer Inst. 2007;99(5):357–64.
7. Henderson V, Enterline PE. An unusual mortality experience in cotton textile
workers. J Occup Med. 1973;15(9):717–9.
8. Hodgson JT, Jones RD. Mortality of workers in the British cotton industry in
1968-1984. Scand J Work Environ Health. 1990;16(2):113–20.
9. Merchant JA, Ortmeyer C. Mortality of employees of two cotton mills in
North Carolina. Chest. 1981;79(4 Suppl):6S–11.
10. Wernli KJ, Ray RM, Gao DL, Thomas DB, Checkoway H. Cancer among
women textile workers in Shanghai, China: overall incidence patterns,
1989-1998. Am J Ind Med. 2003;44(6):595–9.
11. Levin LI, Gao YT, Blot WJ, Zheng W, Fraumeni Jr JF. Decreased risk of lung
cancer in the cotton textile industry of Shanghai. Cancer Res. 1987;47
(21):5777–81.
12. Tse LA, Yu ITS, Qiu H, Au JSK, Wang XR. Occupational risks and lung cancer
burden for Chinese men: a population-based case-referent study. Cancer
Causes Control. 2012;23(1):121–31.
13. Szeszenia-Dabrowska N, Wilczynska U, Strzelecka A, Sobala W. Mortality in
the cotton industry workers: results of a cohort study. Int J Occup Med
Environ Health. 1999;12(2):143–58.
14. Fritschi L, Lakhani R, Nadon L. Cancer incidence in textile manufacturing
workers in Australia. J Occup Health. 2004;46(6):493–6.
15. Kuzmickiene I, Didziapetris R, Stukonis M. Cancer incidence in the workers
cohort of textile manufacturing factory in Alytus, Lithuania. J Occup Environ
Med. 2004;46(2):147–53.
16. Mastrangelo G, Fadda E, Rylander R, Milan G, Fedeli U, Rossi di Schio M,
et al. Lung and other cancer site mortality in a cohort of Italian cotton mill
workers. Occup Environ Med. 2008;65(10):697–700.
17. Lenters V, Basinas I, Beane-Freeman L, Boffetta P, Checkoway H, Coggon D,
et al. Endotoxin exposure and lung cancer risk: a systematic review and
meta-analysis of the published literature on agriculture and cotton textile
workers. Cancer Causes Control. 2010;21(4):523–55.
18. Pance A, Reisser D, Jeannin JF. Antitumoral effects of lipid A: preclinical and
clinical studies. J Investig Med. 2002;50(3):173–8.
19. Reisser D, Pance A, Jeannin JF. Mechanisms of the antitumoral effect of lipid
A. Bioessays. 2002;24(3):284–9.
20. Simpson JC, Niven RM, Pickering CA, Oldham LA, Fletcher AM, Francis HC.
Comparative personal exposures to organic dusts and endotoxin. Ann
Occup Hyg. 1999;43(2):107–15.
21. Gerin M, Siemiatycki J, Kemper H, Begin D. Obtaining occupational
exposure histories in epidemiologic case-control studies. J Occup Med.
1985;27(6):420–6.
22. Ramanakumar AV, Parent ME, Menzies D, Siemiatycki J. Risk of lung cancer
following nonmalignant respiratory conditions: evidence from two case-control
studies in Montreal. Canada Lung Cancer. 2006;53(1):5–12.
23. Siemiatycki J. Risk factors for cancer in the workplace. Boca Raton, Florida:
CRC Press; 1991.
24. Siemiatycki J, Wacholder S, Richardson L, Dewar R, Gerin M. Discovering
carcinogens in the occupational environment. Methods of data collection
and analysis of a large case-referent monitoring system. Scand J Work
Environ Health. 1987;13(6):486–92.
25. Minister of Manpower and Immigration. Canadian Classification and Dictionary
of Occupations 1971. Vol 1. Classification and Definitions. Ottawa: Information
Canada; 1974.
26. Dominion Bureau of Statistics. Standard Industrial Classification Manual.
Ottawa: Information Canada; 1970.
27. Statistics Canada. Standard Industrial Classification - Companies and
Enterprises (SIC-C) 1980. Ottawa: Statistics Canada; 1980.
Christensen et al. BMC Cancer  (2015) 15:212 Page 11 of 1128. Gerin M, Siemiatycki J. The occupational questionnaire in retrospective
epidemiologic studies: Recent approaches in community-based studies.
Appl Occup Environ Hyg. 1991;6(6):495–501.
29. Parent ME, Rousseau MC, Boffetta P, Cohen A, Siemiatycki J. Exposure to
diesel and gasoline engine emissions and the risk of lung cancer. Am
J Epidemiol. 2007;165(1):53–62.
30. Wacholder S, Silverman DT, McLaughlin JK, Mandel JS. Selection of controls
in case-control studies. II. Types of controls. Am J Epidemiol. 1992;135
(9):1029–41.
31. Leffondre K, Abrahamowicz M, Xiao Y, Siemiatycki J. Modelling smoking
history using a comprehensive smoking index: application to lung cancer.
Stat Med. 2006;25(24):4132–46.
32. El-Zein M, Parent ME, Nicolau B, Koushik A, Siemiatycki J, Rousseau MC.
Body mass index, lifetime smoking intensity, and lung cancer risk. Int
J Cancer. 2013;133(7):1721–31.
33. Québec’s clothing and textile industries: the difficult path ahead. In: Economic
fiscal and budget studies. vol. 1(4). Quebec: Ministère des Finances; 2005.
34. Koskela RS, Klockars M, Jarvinen E. Mortality and disability among cotton
mill workers. Br J Ind Med. 1990;47(6):384–91.
35. Peters S, Kromhout H, Olsson AC, Wichmann H-E, Bruske I, Consonni D,
et al. Occupational exposure to organic dust increases lung cancer risk in
the general population. Thorax. 2012;67(2):111–6.
36. Applebaum KM, Ray RM, Astrakianakis G, Gao DL, Thomas DB, Christiani DC,
et al. Evidence of a paradoxical relationship between endotoxin and lung
cancer after accounting for left truncation in a study of Chinese female
textile workers. Occup Environ Med. 2013;70(10):709–15.
37. Checkoway H, Lundin JI, Costello S, Ray R, Li W, Eisen EA, et al. Possible
pro-carcinogenic association of endotoxin on lung cancer among Shanghai
women textile workers. Br J Cancer. 2014;111(3):603–7.
38. Marchand G, Lalonde M, Beaudet Y, Boivin G, Villeneuve S, Pepin C. Documentation
of the endotoxins present in the ambient air of cotton fiber textile mills in Quebec.
J Environ Monit. 2007;9(8):869–76.
39. Su HJ, Chen HL, Huang CF, Lin CY, Li FC, Milton DK. Airborne fungi and
endotoxin concentrations in different areas within textile plants in Taiwan:
a 3-year study. Environ Res. 2002;89(1):58–65.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
